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COOLER TARGET DEVELOPMENT 
1. Overview 
F. Sperisen and J. Doskow 
The most heavily used target in the Cooler has been the Hz gas jet. Three experiments 
(CE-01,' CE-08~ and CE-233) have been completed during the past year, and a fourth (CE- 
0 3 ~ )  is currently in production running. For the latter, the jet target had to be moved 
last December from the G to the T straight section where it was installed just upstream 
of the 60 spectrometer magnet. The large fringe field of this magnet made it necessary to 
shield some of the turbomolecular pumps. Other pumps had to be moved out of the high 
field by connecting them with long tubes to the vacuum chamber. Aside from some other 
minor modifications, the jet target setup in the T section is quite similar to the one in the 
G section. For a detailed description see previous reports. 76 
The differential pumping system of the jet target setup has also been used frequently to 
provide di$zlse gas targets. This is done by running the gas flow through a needle valve into 
the 15 cm long central pumping stage. There, the pressure is measured with a capacitance 
sensor to within about 4 pTorr (corresponding to 2 x 1 0 ' ~  molecules/cm2). As is the case 
for the jet, the diffuse target can be switched on/off quickly (and thus synchronized with 
the Cooler cycle), and its thickness can be controlled remotely. Diffuse targets of various 
kinds of gases have been used for tests in the experiments mentioned above as well as for 
luminosity studies7 (CE- 17) and comparisons with microribbon target s8 (CE- 18). 
Work with microribbon targets has continued over the past year as two experiments 
(CE-02 and CE-06) require thin, localized carbon targets. To achieve small enough average 
target thicknesses, the fibers oscillate across the Cooler beam. A year ago we reported on 
two different methods of fiber oscillation; one by alternating electrical fields: the other by 
attaching the ribbons on a spinning disk.'' Both schemes have since been abandoned in 
favor of yet another method: The fiber or microribbon is attached to a vibrating frame, 
suspended by four springs connected to a target holder which in turn can be moved in 
and out of the beam with a linear motion vacuum feedthrough.l1 The frame vibrations 
are induced by two electromagnets. This oscillating motion proved more stable than the 
one driven by electric fields, and has the additional important advantage that the average 
target thickness can be varied easily by changing the amplitude of the oscillation via the 
amplitude of the driving force. The main problem with fiber targets is not, however, 
with the method of exposing them to the accelerator beam. Rather, the focus is now on 
the effect such targets have on the beam lifetime (and thus achievable luminosity) and 
momentum distribution. Both of these properties seem to be significantly more adversely 
affected than in the case of (homogeneous) gas targets. The systematic study of these 
problems is the subject of CE-18, described elsewhere in this report 
In preparation for experiments with polarized Cooler targets (both 36e  and polarized 
hydrogen) we have installed and run two different storage cell targets in the Cooler. The 
first storage cell, described in last year's report ,I2 was installed in August 1990 in the T 
section for CE-14. It consisted of a copper tube, 28 mm ID, 73 cm long, and cooled to 150 
OK. The presence of this cell did not restrict the ring acceptance and posed no problems 
for Cooler operation. Lifetimes of 45 MeV proton beams were measured with deuterium 
and helium targets and incorporated into the CE-17~ data base. 
More recently, as part of CE-26, another storage cell target has been installed in the A 
section, downstream of the RF cavity. This cell tube, uncooled, was much narrower (only 
8 mm ID) and shorter (24 cm long). A 1.5 pm mylar window made it possible to detect 
low-energy protons from small-angle pp elastic scattering. Section 2 below describes this 
setup in some detail. Measurements done with a 185 MeV proton beam and hydrogen and 
helium targets demonstrated that experiments with storage cells in the Cooler are feasible 
both in terms of luminosity and clean detection of reaction products. An account of this 
test is given in a separate contribution13 to this report. After another run with a cell of 
different geometry this summer, we are planning to install the MIT polarized 3He target 
for CE-25 in the A section.14 
A recently approved Cooler experiment, CE-19, requires an oxygen target for the 
study of the 160(p, n)16F reaction.15 Since it is not recommended to pump pure 0 2  with 
the turbomolecular pumps of the jet target, we found that an H20 vapor jet would be a 
feasible solution. Its development is described in section 3 below. 
Finally, the previously reported16 method of measuring gas jet density profiles with 
ionizing electron beams has been employed for the study of predicted differences between 
jets mono- and diatomic gases. A report on these experiments follows in section 4. 
2. The storage cell target setup in the Cooler A section 
F. Sperisen, J. Doskow, H.O. Meyer, S.F. Pate, B. v. Przewoski, T. Rinckel, 
and A. Ross, IUCF, Bloomington, IN 47408 
W. Haeberli and W.K. Pitts, Univ. of Wisconsin, Madison, WI 53706 
Storage cells will be needed to provide useful thicknesses of polarized hydrogen and 
3He targets because of the relatively low flux available from sources of polarized atoms 
(up to about 1017 atoms/s, three orders of magnitude less than the flux in our gas jet). 
The storage cell is a tube aligned with the ion beam. Atoms are introduced into the 
cell at the midpoint along its length, and are constrained by the cell to a small volume 
around the beam until they escape and are pumped away. The achievable gas thickness 
decreases proportionally with the conductance, thus the cross-sectional area of the cell 
should be minimized. From that point of view, the Cooler A section, with no dispersion 
and relatively small beam aperture functions (P,=0.86 m, py=1.63 m), turns out to the 
best place for storage cell target experiments. 
Figure 1 shows the setup installed in April 1991 in the A section. It consists of a two- 
stage differential pumping system, made up of three chambers from the Cooler Target Lab 
inventory. Integrated into the upstream stage are vertical and horizontal beam position 
monitors. The storage cell, located in the inner stage, is an aluminum tube of circular cross- 
section, 8 mm ID and 24 cm length. On either side there is a 1.5 ,urn thick mylar window, 
5 mm high and 22.5 cm long; this makes it possible to detect low energy recoil protons 
from small angle pp elastic scattering. They are detected with three p-strip detectors in 
coincidence with the forward going protons which exit the vacuum through a 0.13 mm 
thick stainless steel foil. 
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Figure 1. The storage target cell setup in the Cooler A section. 
The gas is fed into the cell at its midpoint at flow rates comparable to those expected 
from polarized sources. A separate tube connects a capacitance pressure sensor (MKS 
390 Baratron) to the midpoint of the cell, capable of measuring the pressure to within 
4 pTorr, corresponding to a target thickness of less than 2x 1012 molecules/cm2. The gas 
flow control system of the jet target5 was used with some minor modifications, allowing 
for fast turn-on/off, remote flow control, as well as flow rate measurement. 
Each differential pumping stage is pumped by a cry0 pump: The inner stage by a 
Leybold RPK 3000S12, the outer two stages each by a CTI Cryo-Torr 8, borrowed from 
our lab's HIPIOS project. The inner stage is separated from the outer stages by foil 
apertures, 12 mm wide by 16 mm high, corresponding to a machine acceptance of 35 rpm. 
For a hydrogen flow rate of 1 x 1017 molecules/s into the cell, the target thickness, given by 
the measured pressure at the cell's midpoint, is 4 . 4 ~  1014 molecules/cm2. The pressures, 
measured by ion gauges, are 0.85 and 0.09 pTorr in the inner and outer stages, respectively. 
For a helium flow at the same rate the target thickness is 5 . 7 ~  1014 atoms/cm2, while the 
pressures in the pumping stages are 1.5 and 0.18 pTorr. 
An initial CE-26 run using this setup took place in May 1991. For a description of 
this run and its results see elsewhere in this report.13 We would like to thank J. Hudson, 
R. Palmer and R. Stillabower for their help with the installation, and M. Ball, T. Ellison, 
B. Hamilton and T. Sloan for their assistance with the beam position monitors. 
3. Development of an Hz 0 jet target 
T.W. Bowyer, F. Sperisen, J. Doskow, and J. Wellman 
The O+ + 0- transition using the 160(p, n)16F reaction is to be investigated in 
CE-19.15 Since thin internal targets must be used in the IUCF Cooler, a gaseous form 
of oxygen is desired for this experiment. Due to the corrosive and potentially damaging 
effects pure 0 2  would apparently have on the turbomolecular pumps17 of the existing jet 
target, 0 2  can not be used, so some alternate source of oxygen in gaseous form is needed. 
The only stable gas which contains oxygen without contaminants that might mock up 
the signature of the CE-19 experiment (coincident detection of low energy decay protons 
with fast neutrons), or create a background is H 2 0  vapor. The presence of hydrogen in 
the water molecule has the additional important advantage over the O2 target that the 
luminosity can be monitored by pp elastic scattering as has been done successfully in Cooler 
experiments with H2 targets. 1 7 3 7 4  
We have been studying the feasibility of an H 2 0  jet target with a test setup as shown 
in Fig. 2. The method for jet formation and gas transport is essentially the same as used 
in the existing jet target.5 Water in a small copper reservoir is heated to a temperature 
corresponding to the desired vapor pressure, which in turn determines the flow rate through 
the nozzle and the jet thickness. A solenoid three-way valve allows for fast (40 ms) turn-on 
and turn-off of the jet; the line to the nozzle can be switched either to the H 2 0  reservoir 
(jet on) or to a pump (jet off). The path of the vapor from the reservoir to the nozzle has 
to be kept at or above the temperature of the reservoir in order to avoid condensation. 
The H 2 0  jet expands through a Laval-type nozzle (throat diameter: 0.13 mm, exit 
diameter: 0.87 mm) into a vacuum chamber, pumped by a 1500 11s turbo pump, and is 
caught by a cone-shaped catcher separated from the nozzle by an adjustable distance of 
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Figure 2. Hz 0 vapor jet test setup. Gaseous Hz 0 is transported through heated tubing, 
a solenoidal valve, and then through a heated nozzle. 
5-20 mm, and pumped by a 500 11s turbo pump. The fraction of the jet flow caught by 
this catcher can be determined by measuring the ratio of the chamber pressure with the 
catcher open and closed (assuming constant pumping speed of the 1500 l/s turbo pump). 
The flow rate is determined from the chamber pressure measured with an ion gauge (while 
the catcher is closed), and the known pumping speed. Furthermore, in our test apparatus 
we can measure the thickness profile of the jet, by scanning it with a 1 keV ionizing electron 
beam, while collecting and monitoring the ion current. l 
The measured flow rates are in reasonable agreement with the values expected from 
the vapor pressure and calculated nozzle flow. Comparing catching fraction measurements 
between H 2 0  and N2 jets, we found similar results (65% for HzO as compared to 70% 
for N2 with a nozzle-catcher separation of 10 mm and catcher opening diameter of 29 
mm). Figure 3 shows a thickness profile of H 2 0  measured 2 mm from the nozzle, with a 
flow rate of 1 . 0 ~  10'' molecules/s. The temperature of the water in the reservoir was 52 
"C, corresponding to a vapor pressure of 93 Torr. The thickness given in Fig. 3 is based 
on the published1s H 2 0  ionization cross section of 7.7 x 10- '~cm~ for 1 keV electrons. 
Theoretical calculations based on one-dimensional compressible flow theorylg give a peak 
thickness of 1.3 x 1015 molecules/cm2 which agrees well within uncertainties. 
Water vapor can be pumped very efficiently by condensation'on cold surfaces (cryo 
pumping). We have therefore carried out a test, replacing the 1500 11s turbomolecular 
pump by two copper panels cooled by the two stages (80 OK and 20 OK) of a closed-cycle 
helium refrigerator. Measurements showed a pumping speed of > 1500 l/s, approximately 
twice that of the turbomolecular pump. We plan to make a similar cry0 pump for the first 
pumping stage of the actual Hz 0 jet target in the Cooler ring. 
So far, a total amount of about 200 g of water has been pumped during our tests with 
no obvious effect on the pump performance. Our test results demonstrate the feasibility 
of an H 2 0  jet target for the Cooler. Optimum thicknesses (i.e., thicknesses of about 
lo1* molecules/cm2, maximizing Cooler luminosity) should be easily achieved. Relatively 
minor modifications on the existing jet target setup will be needed to accommodate the 
H 2 0  jet. 
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Figure 3. HzO jet thickness pro- 
file obtained by ionization with a 1 
keV electron beam at 2 mm from 
the nozzle. The gas flow rate was 
1 .O x 10'' molecules/s. 
4. Study of mono- and diatomic gas jets with electron beams* 
J.  Wellman, F. Sperisen, and J. Doskow 
Further development of the existing IUCF gas jet target would benefit many experi- 
ments. To aid such development a good knowledge and understanding of the jet properties 
are needed. A method using ionizing electron beams to measure the density profile of gas 
jets has been developed recently at this lab? We have utilized this method to test cal- 
culations predicting that the jet opening angle of a diatomic gas is a factor of two larger 
than that of a monoatomic gas. 
Jets emerging from a Laval-type nozzle (throat diameter: 0.23 mm; exit diam.: 
1.92 mm) were scanned transversely with a 1 keV electron beam at various distances z from 
the nozzle. The nozzle was movable longitudinally from outside the vacuum chamber. The 
ions were collected with a ring-shaped copper electrode, 4 cm in diameter, surrounding the 
jet 1.5 cm downstream from the electron beam, biased at -60 V. The contribution from 
background gas ionization was measured by bleeding gas into the chamber th rou~h  an inlet 
far from the nozzle, maintaining the same background pressure (typically 2 ~ 1 0 - ~  Torr). 
The electron beam current (typically 3 PA) and its density profile was obtained by scan- 
ning the beam across a tantalum plate (biased at +60 V), and through a 0.3 mm hole 
in the middle onto a second collector behind it. The total ionization cross section a is 
defined in terms of the ion current Ii, the electron current I,, and the thickness t of the gas 
(density integrated along the e-beam) through Ii /I,=ta. Using published20 values for a, 
we were able to determine t. Argon was chosen as monoatomic and nitrogen as diatomic 
gas because they are easy to handle, have relatively large a and are inexpensive. 
Figure 4 shows N2 jet profile scans (background subtracted) at three distances z 
from the nozzle tip. The overall systematic error for these results is estimated to be 
approximately 20%. The width (FWHM) of these peaks, as well as those obtained with 
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Figure 4. Nz jet thickness profiles obtained by ionization with a 1 keV electron beam at 
three different distances z from the nozzle. The gas flow rate was 5.0 x 10" atoms/s. 
argon, are plotted vs. z in Fig. 5 .  The solid and dashed curves are linear fits, corresponding 
to full jet opening angles Q of 47"*4" and 54'5 7' for Ar and N2, respectively. These results 
are in clear disagreement with the predictions of a calculation based on one-dimensional 
compressible flow theory:'' QA,  = 62" and QN2 = 120". In Fig. 6 the measured N2 peak 
jet thicknesses (at x=O) are plotted as function of the distance z from the nozzle. Error 
bars shown reflect the distribution of results of repeated measurements. Not shown is an 
estimated 20% systematic uncertainty. Calculations based on ref. 19 predict the thickness 
at the nozzle exit. We then assume that the jet expands at constant velocity and opening 
angle Q to calculate the thickness outside the nozzle. Using the measured value for QN, 
(54')) we get the solid curve in Fig. 6, which agrees with the measured values within their 
systematic uncertainty, while the dotted curve, resulting from the theoretical opening 
angle, Q N2 = 120°, predicts too small thicknesses. A similar result has been obtained for 
argon, only there the difference between the two curves is smaller because of the smaller 
discrepancy between measured and calculated opening angle. 
In conclusion, we have shown that the jet opening angle for argon and nitrogen jets 
are equal (within the experimental error) and smaller than predicted. The failure of the 
theory is particularly striking with respect to the predicted large (factor of 2) difference in 
the opening angle for mono- vs. diatomic gases. On the other hand, the theory does well 
in predicting the jet thickness at the nozzle exit. More detailed studies will be necessary 
in order to reduce the systematic uncertainties. 
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Figure 5. The width (FWHM) of 
Ar and Nz jet profiles as a func- 
tion of distance z from the noz- 
zle. The solid and dashed curves 
are linear fits, determining the jet 
opening angle. 
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Figure 6. N2 peak jet thicknesses 
(at x=O, Fig. 4) as a function of 
the distance z from the nozzle. The 
curves are predictions based on the 
measured (solid curve) and theo- 
retical (dotted curve) jet opening 
angle. 
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